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A process for preparation of slow release cationic micronutraent fertilizers, which processes 
comprises heating at least one micronutrient metal or a compound thereof such as herein 
described with or without additives such as herein described with phosphoric acid till the 
resultant mixture is mostly homogenous, further heating to corresponding metal 
polyphosphates of such a degree of polymerisation that they are still soluble in dilute mineral 
acids and complexants, treating said metal polyphosphates with a basic compound and finally 
obtaining a dried powder 
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TITLE 
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^ process for the manufacture of slow- 
tfelease fertilizer^; 



APPLICANT 



CHANDRIKA VARADACHARI, an Indian National 
of 4A Ratnabali, 7A Judges Court Road, 
Alipore, Calcutta-700 02i 



The following specification particularly describes the nature of the 
invention and the manner in which it is to be performed 



FIELD OF INVENTION 



This invention relates to a process for the 



manu 



facturg of slow-release fertil ifei*s» of cationic 



micrdnutri^nts such as zinc, copper , ki/G' n r mangane.se.* 
cobalt or magensium, either as single tr^ l^n t ^:), r 
as mul ti nutrient formulations. 



BACKGROUND OF INVENTION 

Compounds which are widely used today as 
micronutrient fertilizers, are soluble salts or 
organic chelated forms eg., zinc, copper, manganese 
or iron sulphates, and EDTA « complexes of the same. 
Liquid fertilizers such as mi cronutr ients dissolved 
in condensed phosphoric acid or ammonium 

polyphosphates are also used (V. Sauchelli, 1967, 

Chemistry and Technology of Fertilizers, Reinhold, 
New York;; 6.H. Collins, 1955, Commercial Fertilizers, 
McGraw Hill, New York). The synthesis of slow- 
release fertilizers based on phosphate glasses known as 
frits, have been described. Such frits are usually 
prepared by fusing ammonium or sodium dihydrogen 
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phosphates with mi cronutr ient salts to produce a 

6 o 

melt, at : temperatures between 800 and 1400 C and 
then rapidly cooling the liquid by pouring on to a 
cold pljate <G.J. Roberts, 1973, Am. Cer^m, Soc. 
Bull., vjol 52, p., 383 , ^bid^jdem r Vol. 54 , p 1069, 
Austrian | Patent No. 32GJ6c/U5 Patent No. 3574591 of 
1971, US jPatent No. 2713536 of 1974. 

Apart from phosphate glasses, other phosphate 

compounds have also been proposed as- slow-release 

fertilizers. These include mi c ronu t r i en t s added * to 

metaphosplha tes of potassium or calcium prior to 

reaction.' Volfkovich al . , (S.I- Volfkovich, A.S. 

Cherepanojva , I. A. Srishina & G.A. Bitko, 197Q, D. 

Zh. Naujki Kaz S5R (Russian) p. 3) added various 

metal oxides to potassium metaphosphate melts. 

Volfkovich reviewed the work done by the Russian 

school i in the filed- of metaphosphate based 

fertilizers . CS.I. Volfkovich, 1972/ J. Appl. Chem 

<USSR>, i/ol. 45, p. 2479). A Russian patent <SQ 
of 1986 , 

1270148:/: describes the production of such mixed 

6 

metaphosphate based fertilizers produced at 550 *• 

i . ■ ,i • . ■ - ■ 
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of 1990 

880°C. Two Indian Patents <Nos. 172800/and 177205 of 
199n describe the processes for production of 
ri nc and copper fertilizers based on low molecular 
weight^ polyphosphates. The chemistry of zinc and 
copperj phosphate polymerisation and the chemical 
nature! of these fertilizers have also been 

described <S.K. Ray, C. Varadachari & K. Ghosh, 1993, 
Ind. : Eng. Che.. Res., Vol. 32, p. 1218; S.K.Ray, C. 
Varadachari & K. Ghosh, 1997, J. Agric. Food Chem . , 

Vol . , 45, p. 1447) . 

The major drawbacks of using soluble salts 
(such as sulphates), as micronutr ients fertilizers 
are, Reaching losses, chemical transformation losses, 
ground water contamination and low fertilizer-use 
efficiency. On the other hand, mi cronutr lent 

fertilizers having slow-release properties do not 
suffer any of these disadvantages. However., both 
the [existing types of slow-release fertilizers 
incorporating micronutr ients, are not commercially 

successful so far- 

The major disadvantage of the first group of 
compounds viz. the phosphate glass frits, is that 



jthe | process for their production is not 

commercially viable; the reaction conditions, in the 
meltingj of phosphates, are so corrosive that very 
• expensive material have to be used for furnace 
construction thereby limiting large scale production 
and increasing product costs. The major disadvantage 
of the second group of compounds viz. the long chain 
metaphosphates is their excessive- insolubility 

particularly in complexants, which renders the 

micronutjrient ions mostly unavailable for plants. 

The mosit important factor here is that both these 
two types of phosphate based slow release 
fertilizers are essentially macronutrient <N, P or K) 
fertilizers containing micronutr ients as 

supplements. There is no process available as yet 
for making a slow-release fertilizer that is 
essentially a source of micronutr ients and which can 
thereby replace the conventional water-soluble 
micronutrient fertilizers. 



OBJECTS OF THE INVENTION 

Ah object of this invention is to propose a 
process! for the manufacture of slow release 
fertilisers of cationic mi cronut r ients having a 
substantial reduction in production time for the 

initial; reaction stage between phosphoric acid and 
mi c ronut r ient compounds. 

Another object of this invention is to propose 
a process for the manufacture of slow release 
fertilizers of cationic mi cronut r ients and which 
has a simple method of assessing the upper limit 
of polymerisation whereby the process is rendered 
extremeliy flexible as regards choice of 

temperatjure for polymerisation and components in 
reacting mixture. 

Yet another object of this invention is to 
propose j a process for the manufacture of slow 
release ! fertilizers of cationic mi C ronut r i ents and 
wherein ; a wide range of starting materials may be 
used -in widely ranging proportions and the 



polymerisation can be carried out at any convenient temperature, 
Still: another object of this invention is %& propose 



pjrocess for the manufacture of slow release j$0$jfcW%¥$& r s : * of\ 

^^^^ 

dationic micronutri ents which is simple, requf^&gf lower - energy 



inputs than all: previous processes and is r e Sd1yg^*4j; da p t i b 1 e to 
wide range of micronutri ent formulations. ^^^^ill^'" ' 

. . \ 

DESCRIPTION OF THE INVENTION ' 

J ^ , ' : 

According to this invention there is prov^eled a process 
for the preparation of slow-release cationic micronutri ent 
fertilizers, : which comprises in heating at least one 
micronutri ent metal or a compound thereof, with or without 
additives, with phosphoric acid till the resultant mixture is 
nearly homogeneous, further heating to form metal polyphosphates 
of such a degree of polymerisation that they are still soluble in 
dilute mineral acids and complements, treating said metal 
polyphosphates with a basic compound and finally obtaining a 
dr i ed powder , 

Compound of the micronutrient element such as their 
oxides, hydroxides, carbonates, sulphates or chlorides are mixed 
with phosphoric acid and heated to a temperature above 

150°to remove excess water and allow completion of reaction. 
This reaction may also be carried out under vacuum, at 
t-p.r.t„r. lower than .«.". The d,h y Pro 9 e r , phosphate, a.. then 
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further heated to a temperature T which is above temperature T 

2 1 
bill polyphosphates of the desired degree of polymerisation are 

produced as obselrved by their solubility characteristics or 

average chain |length estimates- The polyphosphates are 

subsequently neutralised with bases like ammonia, lime, sodium or 

[potassium hydros i:de . The product is dried at low temperature 

p owd ered and sieved. 

j(i> Zinc Fertilizers £? 

i ■ • • t % 

Starting materials include zinc oxide (containing upto 
79% Zn), zinc metal (containing upto 99.99% Zn ) , zinc ash 
(containing zinc :oxide and metallic zinc in variable amounts), 
Line sulphate (qontainng up to 40.5% Zn ) or zinc chloride 

{ (containing upto: 47-9% Zn ) . The zinc raw material is added to 

! 

phosphoric: acid (containing not more than 60% P 0 ) so that the 

2 5 

molar ratio of Zn::P in the mixture is at least 1:2 (weight ratio 

I i 

,Zn:P is at leastj 1.05:1). The optimum molar ratio of ZnsP is 

jls2. With P levels higher than this the initial reaction is 

faster but at the! same time more acid groups will remain in the 

polyphosphate and ithis will requrie more base for neutralisation. 

Almost any grade of acid can be used for the reaction. However, 

fertilizer grade phosphoric acids containing about 30-60% P 0 

2 5 

are suitable and since acid containing about 50% P 0 is 

2 5 

the most commonly available this is preferred for the 



rejaction. The mixture of zinc compounds and phosphoric acid is 
tajcen in a porc&lain crucible or a tray made of SB 31&L, placed 
ini a muffle furnace and heated at any temperature Bb^^^^^X^^^T 
higher temperatures evaporation is faster. optimum 
temperature is determined by the nature of the |p.^|^m#ht used 



for evaporation^ Thus, in a muffle furnace 170 C is 15P^|(^m(jjt=i , 

commercial driers like a spray drier input temperatures of about/ 

o ^ ... . Y • 

400 G may be needed but the duration of heating is very sm&ll and 

o 1. £Xs 

product temperatures donot exceed 200 C. When evaporation is done 

unfrler partial vacuum reaction temperatures may be reduced. After 

thie reaction, the product contains mostly zinc dihydrogen 

phpsphate; some sulphate or chloride may also be present if such 

raw materials h&ve been used. This product is further heated at 

o 

any temperature 1 above 150 C for polyphosphates to form. Here 

again, the temperature used for polymerisation depends on the 

o 

equipment used for the reaction. In a muffle furnace 350 C- is 

o 

opjtimum. If a flUidised bed furnace is used 400 C is preferred . 

Hejating is done Ibill a polyphospate of the desired degree of 

po'lymer i sat ion ife obtained. When such reaction is carried out in 

o 

trays or similar! vessels about 60 min is required at 350 C 

furnace temperatures- When the reaction is done in a fluidised 

o 

bed furnace only about 15 min is required at 400 C furnace 
temperatures, the product is tested at periodic intervals for 



ai N HCX - 0-33 h citric acid, M DTPA. 

soWuHty in 0.1 N Hi. 

U. it. soiuhility in the .for...!- r.-«.*., the P-oduc* 

*v dissolve in these reagents within ., 30 

be observed mostly to dissolve 

, - po|v~ r »..*i- » to 

i^Jtioh - . produci -1CH i. significant insole >" - 

' i i „ n m it of its solubility in these 

! ^ lcl :^ r< .«.h. We r.....o< tlBCOOle d to coo™ 

r ,„ q .„t S . SuP-q-nt^, the section product is 

..i tion. CO „!-.». X.CO. <»-.-..>. «-*-»*• <S ° d " 

' iLide. W he... are to ..... the pH o, the — 



J„ et ,^ 3 and 4. Too iitt.e h..e r~-» in a 

F „; oduct . TOO - y n 

■«,«. After neutralising, when 
•►,4-0 of some of the zinc ions. After 
c.recipitate oT some u 

4. pH has stahiiised, the -tenia, i- — »* 
11 , ° 8 A „ i. then ana sieved, pcef.rahiy 

|:,fe|f erably at 60 -80:1-. i» 

i b^ ) :<100 mesh B.S. ! 

( U > Copper fertilizers 

. • inrlude the hydroxide carbonate, 
Starting materials include 

. the cupric ion containing up to 49.9%, 
, ulpnat e or chloride of the cup 

&1 -4K f 25. 4K and 47.0% Cu respectively. The copper 
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iri lajdded to phosphoric; acid (containing up to 60'/. of P O ) so 

fci the molar ratio of Cu:P is 1:2 or higher (weight ratio of 

Pj is at least 1.02:1) • The optimum molar ratio of CusP is 1:3. 

P ratios lower than this the cupric potyphosphate tends to 

lubilise so rapidly that reaction control may be d l,f .f lcu.l.t 

s\ problem is overdome at the Cu:P * 1-3 ratio. Higher ratios 

'p may also be used but are of so particular advantage. al-1 

ofchfjr stages of manufacture are as described above for the zinc^. 

f H-tji lirer- Polymerisation temperature and period of heating " 

jjpment dependant, generally lower temperatures are required 

for the zinc compounds. When the reaction is carried qdt in 

O ; O 'K % 

a imjffle furnace 250 -s-300 C is optimum. Polymerisation p> stopped 

fire insolubilisatipn in the acids and complexants occurs, 
(ijj ) Iron fertilizers 

Starting materials include oxides ( eg . hemat i te ) , 
/hydroxides (eg.goethite) , sulphate or chloride form of ferric 
, rD n t iron metal (egj.iron filings), ferrous sulphate or ferrous 
■I tie containing ' up to 69.9%, 62.8%, 27.9%, 34.4%, 99.9%, 
7% or 44.9% Fe respectively. The iron raw material is added to 

phosphoric acid ( containing up to 60% P O ) so that the molar 

. 2 5. 

ratio of FeiP is at least 1:3 (weight ratio .1:1.67) where ferric 

compound* are used and at least 1:2 (weight ration 1:1.11) where 

iron metal or ferrous compounds are used. The optimum molar 

■••stio of Fe:P in the case of ferric compounds is 1:3 and in case 
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of! ferrous compounds it is 1=2. All other reaction parameters are 
oroaclly as described for the zinc fertilizers. Polymerisation, 
hoover, occurs; a t a lower temperature than with the zinc 
phosphates and the polyphosphate formed is also more insoluble in 
dilute acids .fid complexants. Iron fertilizers prepared with 
additives have j improved properties; magnesium oxide is best 
suited for this purpose. The optimum molar ratio of FesMg is 1:3. 
When MgO additive is used, the amount of phosphoric adid is also 
increased. Thus, for every mole of Mg , at least 2, moles of 
phosphoric acid are to be added <Hq.P-1.2>, The mixture of iron 
salt, magnesium oxide and phosphoric acid is heated at above 
,»« C as described for the zinc fertilizer. Reaction is continued 
at "least ti 1 1 ! a viscous gel is obtained and little unreacted 
ma terial remains. This material is subsequently polymerised, by 
heating at any temperature above 200°C whereupon iron magnesium 
polyphosphate ! is obtained. reaction is optimum at 250J3, 
.hereupon iron! magnesium polyphosphate is obtained reaction is 
optimum at 2 5 «1c However, depending on the nature of reaction 
and heat contact period, reactions may also be carried out at 
higher temperatures. The polyphosphate with maximum solubility in 
the testing reagents <0.1 N HC1 , 0.33 M citric acid, » 
DTP A ) is chosen. It is subsequently neutralised with ammonia 
solution or with magnesium oxide in the presence of sufficient 
wat er to allow the neutralisation reaction to occur. Any basic 



compound may be used but magnesium o>:ide gives the best results? 

the final pH of the slurry should be between -4.9 and 65. the 

optimum pH is 5.4„ The neutralised material is then dried, at 

o 0 0 

temperatures lower than 100 C (preferably at 60 -80 C") f finally, 

it is ground to a powder which passes through a 100 mesh BS 
sieve. 

<iv> Manganese fertilizers 

EStarting materials include managanese .dioxide or 
manganous oxide or sulphate which may contain up to <|k.J&, 77.4% 
or; 36.4% Mn respectively. The manganese raw material is adtted/^tb 



phosphoric acid such that the molar ratio of MnsP is at least 1:4 

4+ - ' ' , 

(weight ratio MnsP 1:2.26) when Mn is used out. The optimum 

4+ 2+ 

molar ratio of MnsP is 1:4 (with Mn ) and is 1 s2 (with, Mh > „ 

All other reaction parameters are as described for the zinc 

fertilizer. The manganese salt (preferably manganese dioxide), 

o 

is mixed with phosphoric acid and heated at 150 C or above, under 

vacuum or under normal atmospheric pressures until at least a 

thick viscous material is formed. This may contain a small 

amount of unreacted particles. At this stage, manganese 

dihydrogeh phosphate is formed. Further heating of this compound 

o 

at temperatures : above 200 C produces manganese polyphosphates. 

o 

Optimally, the reaction is carried out at 300 C. Polymerisation 
is allowed to proceed till the compound retains its solubility in 
the?' testing reagents. Manganese polyphosphates have high water 



solubility. To : reduce water solubility and improve physical 
characteristics of the product, manganese polyphosphate is 
further neutralised with a basic compound such as lime, ammonia, 
magnesium oxide, jetc. to a pH between 5 and 6.. Best results are 
obtained with 4 a 9 nesium ° >!ide and 3 neutralisation pH of 3.3. 
Following neutralisation, the product is dried and sieved,- 
Apart from iron* which is a micronutri ent , the f eft i 1 i zer - a 1 so 
contains nitrogen or magnesium, both of which are also 
micronut.rients and add to the value of the fertilizer. 
( Vj ) Cobalt fertilizers 

Starting materials include cobaltous oxide, sulphate or 
chloride which I may contain upto 78.6%, 38. 0% and 49.3% Co 
respectively. jrhe cobalt raw material is added to phosphoric 
such that the ; molar ratios of Co:P is at least 1:2 (weight 
ratio Co:P = i:ji.05). The optimum molar ratio of Co:P is 1:2. 
All other reaction parameters are as described for zinc 
fertilizers. j 

<vA ) m an| embodiment of this invention, additives such as 

alkali or alkaline earth metal compounds are used for improving 
the solubility of the micronutri ent polyphosphates in acids and 
camp 1 e>t ants* 

Additives are useful in improving the solubility 
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rhsliiacteristics fc>f a polyphosphate, particularly those of the 
trilvaleht and tptravalent metals- Thus Fe polyphosphates 



! repii-dly form hig 
reaction at the 



ily insoluble polyphosphates and arresting the 
desired stage may be difficult. In such cases 



the use of additives is advocated. 

Starting materials are any of the materials described 
earlier. To thjese, magnesium oxide or carbonate, potassium 
hydroxide or carbonate or sodium hydroxide or carbonate is added 
-•uuth that the molar ratio of the metal ion, M : additive is at 
any level from 1: 0 or higher. , The micronutrient compound and 
the. additive arejadded to phosphoric acid whose proportion is in 
excess of that j described in sections <i> to (v). This excess 
amount is in carder to compensate for the additive. Thus, 
optimally, for each mole of divalent cation additive, 2 moles of 
P is added in excess as phosphoric acid? similarly for each mole 
of monovalent cajbion as additive 1 mole of P is added in excess. 
Thie reaction ij» carried out as described earlier for zinc 
f srtil izers. 



( vi i ) 



In a further embodiment of this invention 
fertilizers are prepared containing multiple micronutrient 
formulations. 



Two or more types of micronutrient starting materials 
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ar(3 taken in any, desired proportion. Additives are al*o added as 
^scribed in section <vi>. These are added to phosphoric: acid 
wh ,ich is taken lin a proportion as mentioned in sections (i) to 
The reaqtion is then carried out as described in section 



( v i i > ■ 
< i ) . 



The pjincipl. underlying the production of slow-releas. 
^cronutrient fertilizers according to the process of the present 
invention, is that when metal* and their paid.., hydroxide, or 
carbonates are heated with phosphoric acid, and w.t.r is removed 
1r „ th a reacting mixture, the dihydro^n orthophd.ph.te. are 
produced. When sulphates or chlorides of the met.! ions are used 
f or reaction, gating results in loss of water and some sulphuric 
„,- hydrochloric acid leaving » residue of mixed 
..nlph.tes/chlorides and orthophosphat es . On further heating the 
polyphosphate,, linear polyphosphate chains are formed which have 
.-P-O-P-O-P linkages. The negatively charged □ atoms on the P-O-P 
rh ains are the sites to which micronutr i en t cation. like Zn , 
ru 2+ , Fe 3+ , .4. or H* ion is attached. The cations with double 
„r triple chalg.s may also cross-! in. adjacent P-O-P chain. to 
form a 3-D structure which may have low solubility in ac^ds and 
romplex.nts. For this reason additives like Mg , Na , K etc. 
h . Ip ,„ reducing the number and bond strength of such cross- 
Unxade. of P-O-P chain, and thereby improving solubility 
rh.racteristic Polymerisation Is not allowed to proceed up to 



are formed since 
i ■■ i : h re very long chain metaphosphates are 

: th em are not available products 

,! arP n ot fully polymerised and 
, ;h e, polyphosphate complexants. 
' J ^ 11 fv in dilute acid* 

l.shaw ■ . Qood soipbil^y mptprB contain nutrients 

th ese solubility parameters con 
Polyphosphate* with vn u sM *0m***m£>!* c *- 

i anab ie for plant uptake. JSP^^g^ :*^. f . 

in a form thatiis available ^ 

• . j. „ re of incompletely 0mgP . - ..^ 

: polyphosphate ^hxch o rie5ira ble%har,acteri S t ic^ 

^ ar idic Both these undesirably , 
Hygroscopic and; acidic partia^f 

4 the presence of hydrogen ions o. ., ,. 
^ dL " itQ T , te chai n, Neutralisation of such ^ 

; pfl ,, yme rised polyphosphate . pic ^eii as 

. i. r.nders the product nor. nya 

0 ™up. »*th b-t-. mobility of the 

no ,,-,eidtc. if *"* 
pnlyphrjisphate - : 

ts a substantial improvement over 
This invention presents a 

the production of 



previous processes for < - ini tial reaction 

I • -,--, OT ^ In this process, t.ne 
micronutrient fertxli^r.. ic acid is carried out at 

! ,r,H« and phosphoric acia 

b .«;.n compound. ^ 

' u ... C to speed up the 

boilin9 point of Phosphoric 

o.nre 150 is cloBe t0 .of 
moisture. Since therefore, for purposes of 

very slow and, therero q 
acid evaporation is y are more 

ial production temperatures above 
commercial P» t Taste r.This mver 

< a+e cince the process is sigm 
appropriate sine 
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*.^~*. hhP extent to which any 
includes the new concept that, the 

.^nutrient P^phate sho ul d .b. poly^ri..- i. W» ™ 

Nubility o, the polyphosphate product in -ilu*. aci,s ano 

so lutions of counts. Thus any suitable ***P — ^ . 

-V b. Uosen for producing the polyphosphate ana the 

, nP d at any staqe before insolub i 1 i sat ion in the 
reaction is stopped at any siay 

aforesaid reagents. ! . 

AeporWy. .hi. invention provid.. 

., tlBn of ..«-«..-. fertilize of. .M c.tionic 
production or »xw j.^*-.-. 

«. = in single- or mul t inutr i ent forms. The products 
micronutrients,. in single or 

! *. +-ko nutrients are in a Torm 

h .v. low wateir solubility but the nutnen 

' Tk , Br Hii«rs are also non-toxic, non 

mailable to plants. The f ert 1 1 1 

a «v to apply and exhibit improved fertilizer use 
hygroscopic, easy to appiy 

efficiency. * ir . an + 

-f this process is the significant 
The main advantage of this proces 

. niHal reaction stage 
.eduction in : production ti»e,o r tne ,„..... - 

bltMe „ PH-J-T.C acid and ^ondt.ient p-P— 

— — of . 

rhnir . of temperature foi 
.fipyible as regards choice or 
extremely flex id ie 

proporti on, and .oXy—ation can da out 
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c.o,Vve;n.ien,t temperature, the polyp.ri-.tion is 
0 . im pl,e test reveals that the upper limit o|| 

? P i the wh ole f *>? •i**X+* require^ 

reached.- Lastly, the process on the , , ' W 

• > *. than all previous proce^es^d.J ^^adily 
ipwer .energy inputs than all P 

^+ micronutrient formulations, 
adaptable to a Hide range of micronutr 
' . i ... ■,t\-^K,J' 

The invention »i» no, be explained in «re»^; detsii 

„ 4 tb , h . „«P of the foll~in» "T**"- . 

Example* for line fertilizer 

Example If . a 

. c=->v p n was taken in a 

Phosphoric ecid Cconte.nms S~/- 

, .teil trey. To 160 9 of the acid 50 9 o, zinc, -eh 

• t * lnl — ""V _ Th . „,teri.l — e^oed to 

-tH iv Zn) was added. me 
(containing 7!?.1A *ni_i 

. . ■ x. * subside. Frothing is due to tne 
stands for 30 min for frothing to subside 

<+h *cid The mixture was then put 
reaction of metallic zinc with at-id. 

ce at 170°C and heated until a mostly dried 
int o a muff l.j furnace at 17, Jhe tempe rature 

product was farmed which is mostly Zn^PO^- 

! to 3s/c and the material was 

of the furnace was increased to u 

! , *0min Preliminary trials had shown that 
further heated for 60 mm. the 

4«h +n 70 min and more resuxv» 
heating beyond this period to 7C m 

lhirh are not completely soluble 
formation of polyphosphates which 

^ an H ^ MS M DTP A. The solubility 
0 IN HCI, 0-33M citric acid and 0.0** 

H+ „as tested in these reagents ,0.5, 
the polyphosphate was 40ml 0 . 33 M 

poiyphosphat. dissolved in .« 
citric acid and 

, , h <n) of the polyphosphate was - ~ . 
average chain length <n> 



Thej : polyphosphate was allowed to cool to ambient temperature it 

was 1 made into a p&ste with water and 58.5 ml of 25ft NH solution 
! 3 
j.wasi added to it* The pH after neutralisation was 4.0. The slurry 
: • o ■ 

was: stirred and dj^ied in an oven at 80 C. The dried material wais 

jcjroM-nd in a mortar and sieved through 100 mesh B«|S- 

The material thus obtained had the composition 21ft Zn 9 

i 

.19* 1ft P and S.lftjlM.In 0.1 N HCI , 0-33 M citric acid and 0.005 H 
DTP A , the Zn in it is almost 100ft soluble. About 7.5ft of the Zn 
| in it was soluble in water. The fertilizer remained undissolved 
! in water for several months. Field trials with the fertilizer 
| shqwed that 1.14 kg Zn added as this slow-release fertilizer 

increased the yi|eld of paddy by 400-600 kg/ha in the first crop 

i ■ 

and to a similar extent in the second crop (residual effect). The 
requirements of this zinc fertilizer are about one-fifth to two- 
fifth the normal recommended dose for zinc sulphate. This 
fertilizer is also very effective in soils where zinc sulphate 
«r>hows little response. 

! 

Ex amp le II 

The entire process was the same as in example 1 except 
that during neutralisation 82 g CaCO was used instead of 

—r 

ammonia. The composition of this sample was 19.5ft Zn, 18ft P and 
c ?„6ft Ca. 



Example III rt + 
The entire process was the same in Example I except 

Lalisation 46 g KOH dissolved in about 80 ml 
i that during neutralisation to y i ■ . -., 

U a t:er was used indeed of ammonia solution. , - . 

| E>{ ample IV ;:• 

I- The .„Jir. proc... ... *H. — - 1 ""^ " 

! 2i n,= o^ld, Jcont-in, 7SX Zn, -» — — *«* *£> 

I the .t.rti4 -.t.r«... «~ . - - — - id - ~ 

; 4. JX N. i '- 

' — \ he j nttr . _ . — - — 

' th at , t!l Uc j,„c <-c du.t contain, — * - *«» »" ^ 

i . „ ^ , - i 100 q of sine dust 

inst eed of zinciash, as the »tart,n 9 

„ as reacted .»4 4" . -t P— - «=" cont.in.n, V.' 
Em amp 1 e VI 

o-*y p G was taken in a 
Phospnoric acid containing 2o/. 

.t.Jl tray. To 370 g of the acid 50 g of zinc ash 
stainless ste^l tray. 

_i t+- uia« allowed to stand for 
-7 4 i% Zn ) was added. It was anuw 
(containing 72. IA in ' 

u ; Ho This was subsequently 
..out 3* -in for th. <nothin 9 to suh.,de. Th,. 

. , mu Wi. furn.ee and heated at 20* C till the product 
put into a muffle Turns 

, Bfflnprature was then increased to 
„as almost dry. The furnace temperature 

, heated for 90 min. solubility of the 
300 C and the sample heated for 



tested. Th. polyphosphate -i.«»v.- in these re.pent. J.ithin 
J,, ,„in. Aft.P co*» in, to temperature it ? *n*p ,- « , 

; . ' „ H SB * ml of '23% amft#> a solution 

Ipaste with about $0 ml water and 58. a ml ot |V 

Ls* added to it. The P H after neutral isat " ^ 

ferial was dried in 3 n area at *0 C .round and 

300 mesh b.B. The material thus obtained, bad tbe composition^ 
20 ,,% Zn, 18.9% P and 3.5.% N. Otber characteristics ,ere ,imi lar 
i to the fertilizer described in Example 1. J X 
Example for copper fertilizer 

Example VII j 

0 Uric hy-Popid. .containing S3.6* Cu, — t.Ken 

in . porcelain - this 3B . ^« 

44 .4, P 0 <»/->> — — Th. -ol- ««. Of CU.P — • th - 
2 5 o 

, • mllf fi e furnace at 180 C till a 

1,3. The mixture was placed an a muffle furna 

■ t. • m ThiR was further heated at 
c ,,.r viscous material was obtamed. This »« 

., w ,° c tor ,0 |in. TP. eupPlc polyphoeph.t. «. tested for it. 
Nubility, it! observed to P. eolub.e in ,,H HOI. — » 

; nto . .,urry ^ . f« « — - — *° PH Wlth t 

« i* t+- urns then dried in an oven at. 
!0 X NH solution (about 8 ml > . Ib was 



3 



Jc, around and slaved through .« ««h B.8. 

The fertilizer bad the composition 13.&V1 Cu f 19.6V. P 
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and:h 16..3^ N. It had an average chain length <n> of 2.65 end 5.2W 
of : totfel Cu was Soluble in water, 

The maiferial "remained -stable in contact with water for 
5ey : !eHal ! months- }t was completely soluble in the d i iDt ac ids ^&n<d 
corinpl exants mentioned above. Plant growth trials with paddy 
showed 1 significant increase in yields over the cohtrol at dosage® 
as low as 2.0 kg/ha Cu 5 at this level copper sulphate does hot 

reisult in any yi#ld increase. 

■M s , i . % 

; • • v. - 

ExMnple VIII i % * 

' " • V f \ ~ v " 

• ;• : : .\| * 

10 g cuipric chloride (containing 36.5% C\)\' was taken in 

I > ■ 

a porcelain crudrible. Phosphoric acid (containing 50% P 0 > was 

j 2 & 

added such that l~he molar ratio Cu : P was 1 s3 <24.5 g acid added). 

i 

! • O 

The crucible wa£ put into a muffle furnace at 170 C and heated 

tin. a' dried subitance, was obtained having a light green colour. 

o 

This was again: heated at 200 C for 30 min. During this period 
samples of the polyphosphate were periodically taken and tested 
for their solubility in 0-1 N HC1 , 0.33 M citric acid and 0.005 
M ; DTP A . The sample was removed from the furnace at that stage 
when the material begins to solubilise slowly (within 30 min) but 
insoluble materials are not yet formed. The average chain-length 
<n) of the polyphosphate was 2.5. 

The polyphosphate was cooled to room temperature, made 



M.tpr and then neutralised with 
into a slurry with a few drops of water and 

! .- - r,n of 4 ft. This was dried in an oven 

10Vi ammonia solution upto a pH of U. 



o 



at 70 C, powdered 



Ex amp. 1 e IX 



and sieved through 150 mesh B.S. 



To 10 



0 cupric carbonate (containig 50V^ Cu> 24 c, of 

4ri 1 46 \% P 0 ) was added so that the molar ratio of 
phosphoric acid r _ u _ 

C,„ P . 1,2. ThU -« Pl »"d in a -uffl. furnace at IS* * and.,, 
„.,*.„ «U .,-U -ry. Thi. — — d '* 229 C f ^ ; * 
min . th . ,...f n. proc.*.~ i. «h. »" 

I 
I 

E)j:ampl e VII. 

Bmnples for iror fertilizer 
Ek ample X 

The iUrtin, -« .ynth.tic ,o.thit. .- 

F . 0(0H)3 co „t.inin 9 **. To >7 S0 B of pha.pho.ic .contains 

3 ,. 7K -A. of p[o n », »«* - 1309 — ° MidC 

added and the mi 



taken was such 



i„ture was .tirred. The a»=unt of phosphoric acid 
th .t the F„P mol.r ratio -« 1=3 P>"« «" 



X. ti r". vTT > J ^ t» •-■ - 

«u,t .uch th«jt the M 9! P -l.r ratio ... i.2. Thi. - 

furnaje in flat tray. ... 31*L, and heated at 10(3 C tUi 

— t.i » e: 



a mu 

i „A* drv The temperature of the furnace 
it was almost diy- me 

•1 *c P d to 210 C and the sample was heated for 10 
•subsequently increased to ^50 L 

. ln . So^iUi, of the .a.ple ■ .. tested at periodic interval 
J poiypho-phate. in the.e rea.ent. increase. *ith period of 



heating, reaches a maximum and declines again- The ideal 

polyphosphate Would be around the region of the maximum. Water 

the polyphosphate and the material after 

were also tested; polyphosphates having lowest. 



solubility of 
neutral i sat i on 



water solubility are preferred. Thus, although the polyphosphate 

obtained after heating at 250 C for 10 min and 20 min have 

similar solubilities in acids and complexants, the neutralised 

products of thej former has much lower water solubility than that 

off the latter. Therefore the material obtained at 250 C after 10^ 

min heating wajs preferred. The weight loss of the poJyp^oBp>nat'e 

at this stage! is about 9g/100g H PO in the reacWon mixture. 

3 4 

This corresponds to 53% polymerisation. 

The polyphosphate is cooled to ambient temperature, 
made into a pasjte with water and neutralised with dilute ammonia 
solution (containing about 12.5% NH ) till the pH of the slurry 

was around 5.| This required 1.751 of 12.5% ammonia solution. 

.•I o . 

The slurry was (stirred and dried in an oven at 70 C, it was hand 

ground and sijeved through 80 mesh BS. The fertilizer was 
completely soluble in 0.1N HC1 , and 0.33M citric acid but only 5% 
u»as soluble in jwater. 

Example XI ; 

The entire process was the same as in Example X except 

that magnesium oxide was used for neutralisation instead of 
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. . Q nW of the solution was raised 
, m „ionia solution^ In this case the pH of th 

' V, bv addiUn of MpO .about 550 ■>. The .*P^ , « 85 

, / to „\ Lnd stirred for one hour. I. : 
heated to l, janu - ^ 

processed as described earlier. ■ f : _^ >' - 

••• The prJ-uc. contained 3.7V. re, «.« 
H., , „ater UublUt, of around Other para.eters , ere 

the same as for Example X. 

Example XII ir iL amD le. X and 

The process is essentially the same as ar^.ample 

i rn pthit- (containing 45V. Fe) is used 
XI except that natural goethite 

, h ., D natural goethite, <^9 

i^ead of synthetic goethite. itft. « 7 y P 0 ) 

^nesium oxide! and I5 M pho-phoric acid (containing » , 

•■ h orocessed as described in Example X. 
W ere mixed and processed 0 _ 

carried out at 200 C for 2o mxn 
■; r-> +-h i s c ase » was c ai i a 

tiU a weight loss of about 7 9 nms H PO 

, tore », S iobt.ined. The po ly phosphate ... neutralised — 
mixture, was d 

.: MO i K lo6 5 1) to a pH of around S.4 

ammonia solution <1-..^, 

I in Fvamole X. The properties of the 

subsequently processed as in Example 

materials were j simi 1 ar . 

Example XIII . . a** 5 ? 4V» Mn 

o dioxide (pyrolusite) containing 6^.4/. nn 

.1009 magnanese dioxide \py 

.^a nhosohoric acid containing SI* p 0 < n / 

mixed with 9B0g of phosphor "celain 

. . mi> . ture , 1:4). This was taken m a porcelain 
ratio in the mixtui e 




mm 

mm 
Mm 



II b 



i , 
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jc:ruq:ible and heated at 170 C till a thick gel-like material was 
!fdf4»edv; ' The temperature of the furnace was raised to 300 C and 
Lheijrrufcible was liept in it for 50 min. Thereupon a dark purple, 
jharH solid was farmed, which had the maximum solubility in the 
JtesUntr reagents The corresponding weight loss, was 15.4g/100g 
j H PO in the Reaction mixture, which produces ...about 



po ly me risation 



The polyphosphate was cooled to ambient temperature, 

. s.\". v ' 

made into a paste; with water and neutralised with ma^sYum oxide 
to a pH of abput 5.3. About 400 g MgO was required; after 
addition the sltjrry was stirred at 60°C for about one hour for 
completion of tjhe reaction. The material was dried at 70 C, 
ground and sieved through 100 mesh BS. The fertilizer contained 
7.i;% Hn, 35.3MP 6 and 29% Mg . Solubility in water was about 0.1% 
but in 0-1 N HC1 and 0.33M citric acid it was soluble to the 
extent of about <?0-95%. 

i 

i 

Exi&mp 1 e : XIV I 

10g cobalt oxide was mixed with 51g phosphoric acid of 
50% strength to jjive a Co:P ratio of 1=3. To this 67. 7g potassium 
hydroxide and a further 170Q phosphoric acid were added to give 
K:Co=10:l and KiP-lii- The slurry was heated at 180 C till dried. 
This was further heated at 250° C for 30 min to obtain the, mixed 



polyphosphate of potassium and cobalt. The polyhOephate was 
colle^to ambjnt temperature, made to a paste -with water and 
.neutralised with potassium hydroxide to P H 5. Subsequently it was 
q rbund with a hand mortar and sieved through 100 mesh. The 
fertilizer was Completely soluble in 0.1N HC1 and 0.33 M citric 

acid : 
Example XV 

1009 Ltural goethite and 100g manganese dioxide were 
mixed with' 1,^41 phosphoric acid (containing 40'/. P ^^,0* 

mixture was put j into a muffle furnace and heated > 200*C for 50 
m , n .hereupon! a mostly homogenous gel »mm obtained. The 
temperature of the furnace was raised to 350 C and the sample was 
heated, for 30 min. Optimum polymerisation was tested as described 
in the previous Examples. Subsequent processing was done as 
described in Example XIII except that 900 g of magnesium oxide 
was required [for neutralisation of the polyphosphate. This 
fertilizer containing both iron and maganese, has low water 
solubility (about 2X> but high solubility in dilute acids and 
camp lex ants . 
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l'm\''. ""i A process for preparation of slow release cationic 



m :L kz: r d riutrient f 
1 e 



w :t 



^rtilizers, which processes comprises heating at 

such as herein described 
■; johe micronutrient metal or a compound thereof^ with o?" 

such as hereiri (described * 
thbut addit:iv?s^ with phosphoric acid ti.1'1 . the resultant 

\ ' :/ ' the corresponding 

mikture is .mostly homogenous, further heating: to form ^metal 

pojlryphpsphat es of such a degree of polymerisation that they aref 

stjili soluble in dilute mineral acids and complex ants, treating 

saiid metal polyphosphates with a basic compound and finally 

objtiaining a dried powder- *| 



ac id used has a 



A process as claimed in claim 1, where in . tfoeV? phosphor ic 

concentration upto 60tt P 0 by weight. 

j 2 5. 



3. The process as claimed in claim 1, wherein the 

phosphoric acidj used has a concentration of 30 to h0*A P O by 
we i gh t - 



4. 



The brocess as claimed in claim 1, wherein, said 



m iferohu trient me 
cob Blt» 



fcal is selected from zinc, copper, iron, magsnese, 



5, The process as claimed in claim 1, wherein the 

micronut rient me.tal of the o>i ide , hydros ide , chloride or sulphate 
the of micronutrient metal is used for the reaction with 
phosphoric acid. 



r 6. : 



such Iaimed ^ ci alffl j 

lhe Process as ... 
ca, ior>sadaitive cat C1 ^ '» «... I. wherein ^ 

catron ^ at , of- 



Process as cls . fS^^^^^ K 
ratio of i Claimed in cl . f <«P^ 

° f "! etal cation. adr( ., ''f^^the* h 

'*»«•*,-:- •i-.-fc .,t 0 

4' . • :^i;.T.. f -' : ; 



ed f °r thp e amount 

deduce t-K„ ... compound the POM* . V*^' 



metaI °r a com P ° f h **H»^ ; W ith 

U compound thereof • ' ' 

■ catxons present, 



,ne ; Process as . - 1 • 

o, phOBpho . ' ^ —on — 

'•"osphoric at-iH ■ ' the moisn 

"etsh a '" ld is at molar 



d#not - th. valance ot th * * hut °* the 

A Process as eIs . 
first ' j ' Cl3l,ne c( in claim i 

&tep ° f bating with Dh ^ ^er ein during tn 

di ^Unt catin l ' h P^ S p hor . c 9 the 

cation present every m _, 

m ° ,es ' is adrf ' Ph ° SPh °^c acid contai • °* 

ed for ^ery moJe , staining at , ^ 

pho3 Phor ic acin V mole of trivalent 

containing at least , Cat '°n pr{?Sent 

ea&fc o moles P iez _ 

ls *a*ed, and for 
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■ -«W ^ o, ,. tr . v .,. nt cation w 



I 

i ! « f 
i' '■■ ! 



acid 



A 



fiijrjst- step 



Process as claimed in cl aim lf .herein d - 

* ' nerein during the 
of heating wlth phosphoric acid, if an arirt . + . 

n on additive i s 

m m ~J _J • • . 



U3pd; then 8n aH H , * - BOC,ltive 
ifr <n addztxonal amount of phosphoric aciri ■ 

J! ^entities 4 <ch that „ ^ p ■ 3Cld in 

: ; the valance ojf the additive cation, M |T .. . 

A process as claimed in claim 1 . ,h 
r . i ciaim 1, wherein the fire* c +. or 

° f h.itino «l«h phosphoric acid • ^ V 
. ' -Mi»uric acid is carrier! <->•.* -■• * 

above ma r L ° Ut 3t an V *emperature 

150 C u^der mostly ambient pressure. 

14 ' A prjocess as claimed in claim , 

, , 181W1 *• wherein the first = +0 „ 

of heating wlth phosphoric acid is ' ■ 

, bov . 1 ° C8med OL <* «t any temperature 

3bOVe ° r b 'l«- : lS« C under vacuum. 

A process as claimed in claim i ^ 
further heatinc ♦ , wherein step of 

- ,! . rif.ati.n.g to form the metal 

o Polyphosphates is carried out 

et temperature^ 



16. 



above 200 c, 



A process as claimed in claim 1 -i . ^ 
further heatinJ t * -Herein, the step of 

neating: to form the metal «„i 
~ : r metal Polyphosphate is carried out at 

a temperature in *k„ ° o 3 1 

' ln the P3n « e of 250 and 350 C . 
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A process as claimed in claim 1 . ,k 

Claim 1, wherein the step of 



: * • q' to form the *etal polyphosphate is carried, out. 
further Iheating to form r educed 

, : • : : „ occurs and the compound shoos 

•till ;(fdlymerisa;t ion occui 

: B ^lUbiflity in wajter. 

! h in claim 1, wherein the step of 

A prttcess as claimed in claim out 



fujrther heatinb to form 

yfTT^r^-t shows hi.b solubility in dilute a 

.omple.ants. | ^ claiffi lf .herein: the step of 

19. « process as claime , ^ d out 

! tD form the metal polyphasphates. is car 

further h.atiifQ to form lllh Wity, in dilute 

, limit of its solubil,iTy , 

pto the pointjwhere the upper limit 

acids and comple>«ants is reached. 

• h in claim i, wherein the solubility 
~ nr^nress as claimed m claim i, 
20. pr|oce->- a hydrochloric 

i= tested using »-l N " y 

ia cid, 0.33 M citric acid and/o 
pentaacetic acid). 

« in claim 1, wherein for the step 
A nrocess as claimed m claim , 
21. A proce ammonia, lime, 

f neut ralisation, a basic compound such 
aQ nesium o>dde, potassium hydroxide is used. 

rl . im i, wherein the 
B „ as claimed in claim if 

22 " A P " , Edition of water to form a 

,. hn is carried out after addition o 
neutralisation is can 

paste or slurry. 



o 



m 



3 ;r 



,' ■ , 

•ire 



CI f 

. ,2.4 



;:1 i 



, im „H i„ claim 1, wherein for the step 
■ A proc|ess as claimed in claim i, 



.jiC'i ; ' ,, Blurry is above 4. 

Puifaiisation the pH of the slurry 

||V :; i , . . in c i a i m 1, wherein the pH o1 

a process as claimed in claim *, 

i^iitralisation is between 4.5 and 5.5. 

\ A pro ess a. claimed in claim 1, wherein for the step 

i; neutralisation u.in, water-insoluble base, such a, magnesium 

„ «w4-ura is stirred and warmed, 
oxide or lime, the reaction mixture , ;; .. . 

mherein the; reaction. 
7>6 , A process as claimed , in claim 25, wherein 

j O 1 " ■ 

milture is warmed to 60 G. 
•free of moisture. 

a * claimed in claim 1, wherein the product 
^ A process as ciaimeu 

. 8lieation is dried at temperatures below 
from the step of neutralisation 

o 

100- C- . , 

drocess as claimed in claim 1, wherein the dried 

product is ground to a powder. 

I r i aim ed in claim 1, wherein the product is 

A process as claimed in 

' through a 100 mesh BS sieve. 

, r , ure of slow-release 
process for the manufacture c 

^ *.4=iiw as herein described and 
fertilizers substantially as nere 



ground to pass 

31. A 
micronutri ent 



• to illustrated in the examples(s) 
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